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The present study investigated four experimental groups of caprine frozen yoghurt produced with the
addition of fresh and spray dried jambolan fruit pulp (Eugenia jambolana Lam) and the probiotic strain
Biﬁdobacterium animalis subsp. lactis BI-07. The physicochemical characteristics, overrun, meltdown test,
selected bioactive-related attributes, besides the survival of added probiotic bacteria during the frozen
storage and the sensory acceptance of the products were investigated. The probiotic addition decreased
the pH of frozen yoghurt samples (P < 0.05) and low overrun values (14.2e22.6%) were observed for all
samples. Higher phenolic content for samples with the probiotic strain was observed (P < 0.05), which
suggests a possible biotransformation that would lead to enhanced phytochemical level. The frozen
yoghurt samples with probiotic presented high initial cell counts (approx. 9 log CFU/g) and an
outstanding probiotic survival rate (97%) was observed throughout the 90 days of frozen storage. Frozen
yoghurt samples with probiotic bacteria received signiﬁcantly lower ﬂavor scores (P < 0.05), and similar
results were obtained for appearance, aroma and consistency among frozen yoghurt samples. Overall, the
caprine frozen yoghurt enriched with jambolan fruit proved to be an efﬁcient carrier for B. animalis
subsp. lactis BI-07 and presented desirable bioactive and technological attributes.
© 2015 Elsevier Ltd. All rights reserved.1. Introduction
During the last years, a fast growth of the functional foodmarket
has happened in response to the increasing demand of health-
conscious consumers interested in buying products with alleged
health beneﬁts (Granato, Branco, Cruz, Faria, & Shah, 2010). This
emerging scenario has a direct impact on the food industry, which
has the challenge of offering new products with desirable func-
tional characteristics, convenience and appropriate sensory quality.
The dairy market is a special target for the functional food
market, considering the great product diversity and the fact that
many dairy products have proven to be efﬁcient carriers of pro-
biotic bacteria, in addition to being part of a well-established
market all over the world (Akin, Akin, & Kirmaci, 2007;
Amirdivani & Baba, 2011; Ranadheera, Evans, Adams, & Baines,2013; Santo, Perego, Converti, & Oliveira, 2012). Biﬁdobacterium is
one of the most common probiotic genera incorporated in dairy
products and although the number of viable bacteria in the ﬁnal
product has not been universally established, counts between 6 and
9 log CFU/g are generally accepted (Abadia-Garcia et al., 2013; Pinto
et al., 2012).
Despite the versatility and expressive volume of cow milk de-
rivatives, our group and other researchers have shown the suc-
cessful use of goat milk in different dairy products (Bezerra, Souza,
& Correia, 2012; Buriti, Freitas, Egito, & Santos, 2014; Medeiros,
Thomazini, Urbano, Correia, & Favaro-Trindade, 2014; Silva,
Bezerra, Santos, & Correia, 2015). Considering its economic
importance in several world regions and its unique nutritional and
technological attributes, goat milk constitutes a convenient dairy
source not only for people with allergies and individuals with
special food needs, but also for consumers interested in gourmet
and special food products (Ribeiro & Ribeiro, 2010).
Frozen yoghurt has become very popular and it is deﬁned as a
combination of yoghurt and ice cream (Pinto et al., 2012). Although
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riers (Cruz, Antunes, Souza, Faria, & Saad, 2009; Ferraz et al., 2012;
Medeiros et al., 2014; Silva et al., 2015), few studies have been
conducted to evaluate the performance of frozen yoghurt as a
functional probiotic dessert (Davidson, Duncan, Hackney, Eigel, &
Boling, 2000; Pinto et al., 2012).
Along with this, the bioactivity and health-relevant attributes of
fresh and dried tropical fruits is an ever-increasing investigation
ﬁeld (Devalaraja, Jain, & Yadav, 2011; Nobrega, Oliveira, Genovese,
& Correia, 2014). Despite this fact, there are few studies address-
ing the functional attributes of products developed by mixing
bioactive-rich fruit extracts to dairy products (Karaaslan, Ozden,
Vardin, & Turkojln, 2011; Santo et al., 2012; Scibisz, Ziarno, Mitek,
& Zareba, 2012; Servili et al., 2011). Jambolan (Eugenia jambolana
Lam) is an anthocyanin-rich tropical fruit with intense purple to
black color, shown as a natural phytochemical source with phar-
macological applications (Ayyanar, Subash-Babu, & Ignacimuthu,
2013; Baliga, Bhat, Baliga, Wilson, & Palatty, 2011). Despite the
bioactive potential of jambolan, there is no established market of
jambolan products in Brazil. Thus, it would be desirable to develop
technological processes that would enable their practical use as
food ingredients. Jambolan fruits are highly perishable, and drying
is a convenient technique to extend shelf life, concentrate the
natural active compounds and also expand the fruit market beyond
native harvesting places (Bennett et al., 2011).
Moreover, studies evaluating the physicochemical characteris-
tics and probiotic value of phytochemical-enriched frozen yoghurt
made from goat milk were not found in the literature. Therefore,
the main objective of this research is to evaluate frozen yoghurt
produced from goat milk with the addition of the exotic jambolan
fruit and the probiotic Biﬁdobacterium animalis subsp. lactis BI-07.
Furthermore, two different strategies to incorporate the jambolan
ingredient were studied: one with fresh jambolan pulp and the
other with spray-dried jambolan pulp. The physicochemical char-
acteristics, overrun, melting behavior, as well as selected bioactive-
related attributes of the obtained product were investigated and
compared. The survival of the added probiotic bacteria and the
sensory acceptance of the caprine frozen yoghurt were also shown
and discussed.2. Materials and methods
2.1. Lactic and probiotic cultures
Freeze dried Lactobacillus delbrueckii subsp. bulgaricus and
Streptococcus thermophiluswere obtained from SACCO (Y450B, 5UC,
Brazil). The probiotic culture of B. animalis subsp. lactis BI-07 was
donated by Danisco (Brazil).2.2. Jambolan pulp and powder
Several batches of jambolan fruit (Eugenia jambolana Lam.) were
locally collected, selected, sanitized and homogenized in order to
constitute a single batch. The fruits were processed into pulp using
a depulping machine (Itametal, Brazil) and the obtained jambolan
pulp was pasteurized (85

C for 15 min). After this, a solution was
prepared by mixing the jambolan fruit pulp with 10% (w/w) of
Arabic gum (Nexira, Brazil). The drying process was conducted by
atomizing this mix using a pilot spray drier (LM MSD 1.0, Labmaq,
Brazil), with an inlet drying temperature of 110

C, feed ﬂow
0.53 mL/min, compressed air ﬂow 45 L/min, drying air ﬂow 38 m3/
min and a 1.3 mm diameter atomizing nozzle.2.3. Production of caprine frozen yoghurt
Four experimental groups of caprine frozen yoghurt were pre-
pared: JPu using regular yoghurt (L. bulgaricus and S. thermophilus)
and jambolan pulp; JPo with regular yoghurt (L. bulgaricus and
S. thermophilus) and jambolan powder; PJPu with the probiotic
yoghurt (L. bulgaricus, S. thermophilus and B. animalis subsp. lactis
BI-07) and jambolan pulp; and PJPo group with the probiotic
yoghurt (L. bulgaricus, S. thermophilus and B. animalis subsp. lactis
BI-07) and jambolan powder.
Initially, dried caprine milk (Caprilat, Brazil) was reconstituted in
water 12% (w/v) and heat treated at 85

C for 15 min. The regular or
probiotic yoghurt was produced by cooling this mixture until 43

C
and inoculating with L. bulgaricus, S. thermophilus (2 mL of the inoc-
ulum prepared by mixing the spray dried commercial starter in
250mL of UHT goat milk, 6e7 log CFU/g) and B. animalis subsp. lactis
(2% (w/v) of the spraydried culture inorder to achieve 8e9 logCFU/g),
according to the groups described previously. The yoghurt was fer-
mented for 4 h in a controlled temperature chamber (Tecnal, Brazil)
and refrigerated at 5

C until use. For the frozen yoghurt production,
initially an ice cream mix consisting of sucrose (50 g/100 g), glucose
syrup(30g/100g),water (19.4g/100g) andstabilizer (0.6g/100g)was
preparedbypasteurizing themixtureat85

C for15min.After this, the
regular or probiotic caprine yoghurt (48 g/100 g) was thoroughly
mixed with the ice cream mix (25 g/100 g) and the emulsiﬁer (2 g/
100g). To this ice cream/yoghurtmix, either jambolan fruit pulp (25g/
100 g, groups JPu and PJPu) or jambolan fruit powder (3.2 g/100 g and
water 21.8 g/100 g, groups JPo and PJPo) were homogenized for 5min
in constant stirring. The mix was aerated and frozen in an ice cream
maker (Brasfrio, Brazil) and packaged in 1 L plastic containers, which
were kept frozen at18 C until further analysis.
2.4. Physicochemical analyses
The pH was evaluated according to Amirdivani and Baba (2011).
The total solids and ash of frozen yoghurt samples were determined
using AOAC methods (AOAC, 1998). The reducing sugars were
measured by a modiﬁed DNS method according to Silva et al.,
(2015).
2.5. Overrun and meltdown tests
The overrun was calculated according to Akin et al. (2007) as
overrun ¼ [(W1 W2)/W2]  100, where W1 ¼weight of the mix
and W2 ¼ weight of same volume of ice cream. The meltdown test
was conducted in a chamber with controlled temperature (25 C) in
accordance to Muse and Hartel (2004) and the drained volumewas
recorded in 5-min intervals. Results were expressed as time (min)
against drained volume (%) and the slope of the curve was taken as
the melting rate.
2.6. Preparation of water extracts
Brieﬂy, 1 g of the frozen yoghurt was homogenized with 1 mL of
distilled water and incubated in a water bath for 10 min at 45

C,
followed by centrifugation (3500 rpm, 10 min, 5

C). The superna-
tant was collected and centrifuged once again under the same
conditions and ﬁltered in qualitative paper (Shori & Baba, 2011).
The obtained extract was used for total phenolic content (TPC),
anthocyanins and radical scavenging capacity analyses.
2.7. Total phenolic content (TPC)
This was determined using the Folin-Ciocalteau method ac-
cording to Nobrega et al. (2014). A calibration curve with different
Table 1
Physicochemical characterization and overrun of caprine frozen yoghurt with reg-
ular or probiotic yoghurt cultures and jambolan pulp or powder.
JPu JPo PJPu PJPo
pH 4.30 ± 0.02a 4.30 ± 0.03a 4.02 ± 0.04b 4.15 ± 0.10b
Total solids, g/100 g 29.01 ± 0.14 29.73 ± 0.09 29.33 ± 0.45 29.09 ± 0.05
Ash, g/100 g 0.55 ± 0.05 0.61 ± 0.02 0.43 ± 0.27 0.78 ± 0.05
Reducing sugars, g/100 g 10.3 þ 0.3b 11.1 þ 0.9ab 12.2 ± 0.3ab 13.3 ± 0.7a
Overrun, % 20.68 ± 1.67a 14.21 ± 0.95b 22.57 ± 1.01a 16.07 ± 1.00bb
Results are presented as means ± standard deviation. a,b: Means in the same line
followed by different letters are signiﬁcantly different by HSD Tukey's test (p< 0.05).
JPu: frozen yoghurt with L. bulgaricus, S. thermophilus and jambolan pulp; JPo: frozen
yoghurt with L. bulgaricus, S. thermophilus and jambolan powder; PJPu: frozen
yoghurt with L. bulgaricus, S. thermophilus, B. animalis subsp. lactis BI-07 and jam-
bolan pulp; PJPo: frozen yoghurt with L. bulgaricus, S. thermophilus, B. animalis
subsp. lactis BI-07 and jambolan powder.
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results were expressed as mg gallic acid equivalent (GAE)/Kg.
2.8. Total monomeric anthocyanins
Total monomeric anthocyanins were measured by the pH dif-
ferential method (Giusti & Wrolstad, 2001). The results were
expressed as mg eq. cyanidin 3-glycoside/kg, taking into account
the dilutions made in each determination.
2.9. 2.2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay
(RSA)
This was determined according to a modiﬁed procedure based
on Nobrega et al. (2014). An aliquot of the water extracts (150 mL)
was added to react for 24 h in the dark with 2850 mL of the fresh
DPPH solution. The absorbance was read at 515 nm and results
were calculated based on a calibration curve made with different
Trolox (SigmaeAldrich, USA) concentrations (10e200 mmol Trolox).
Results were expressed in mmol Trolox eq. (TE)/g.
2.10. Viable bacterial counts
The viability of L. bulgaricus and S. thermophiluswas determined
for all groups 24 h after the production of the frozen yoghurt. In
addition, viable probiotic B. animalis subsp. lactis BI-07 counts were
conducted for groups PJPU and PJPo every 15 days for 90 days of
frozen storage.
For the viable counts, 10 g of the frozen yoghurt was aseptically
collected and diluted in 90 mL of 0.1 g/100 mL peptone water
(Himedia, India). Decimal dilutions were prepared using the same
diluent. One mL of each dilution was pour plated using 15 mL of
speciﬁc growth media (S. thermophilus: M17-agar (SigmaeAldrich,
USA)) with lactose 10 g/100 mL; L. bulgaricus: MRS-agar (Himedia,
India) adjusted to pH 5.4 (Oliveira, Sodini, Remeuf, & Corrieu,
2001); B. animalis subsp. lactis BI-07: MRS-agar with cysteine
(1 mL of 0.5 g/10 mL H2O; Vetec, Brazil), lithium chloride (1 mL of
1 g/100 mL H2O; Synth, Brazil) and dicloxacilin (0.5 mL of 0.01 g/
100 mL; SigmaeAldrich, USA), adapted from Grosso and Favaro-
Trindade (2004). This procedure was followed by anaerobic incu-
bation (Gaspak EZ Anaerobe Container System, BD, USA) at 43

C for
72 h. The results were expressed as log CFU/g and also as survival
rate (%) according to Magarinos, Selaive, Costa, Flores, and Pizarro
(2007).
2.11. Sensory analyses
A consumer acceptance test was conducted with 100 untrained
adult (18e66 years old, 48 males, 52 females) judges for the attri-
butes appearance, aroma, consistency and ﬂavor. The judges were
selected based on their willingness to participate and inexistence of
allergic reactions to milk. The sensory evaluation sessions were
conducted in individual booths by using a 9-point hedonic scale
ranging from 1 (dislike it very much) to 9 (liked it very much) ac-
cording to Meilgaard, Civille, and Carr (1999). Frozen yoghurt
samples (10 g) were evaluated 5e7 days after production and they
were served at 10 C in 50 mL transparent plastic cups numbered
randomly with 3-digit codes.
2.12. Statistical analysis
Three batches were prepared for each sample and all analyses
were carried out at least in triplicate (N ¼ 9). Results were
expressed as mean ± standard deviation. Statistical analysis of the
average values was conducted by Analysis of Variance (ANOVA) andthe Tukey's test (P < 0.05) using Statistica 7.0 software (StatSoft,
Inc., USA). The equations describing the melting behavior were
obtained by regression analysis using the software Origin® 6.0.
3. Results and discussion
3.1. Physicochemical analyses
The frozen yoghurt samples with B. animalis subsp. lactis BI-07
(PJPu and PJPo) had lower (P < 0.05) pH values when compared
to groups without probiotic (JPu and JPo, Table 1). Similar tendency
was observed for probiotic ice cream (Sagdic, Ozturk, Cankurt, &
Tornulk, 2012; Silva et al., 2015) and yoghurt (Scibisz et al., 2012)
and suggests a greater acid production in samples where the
applied Biﬁdobacterium strain grew in association with the starter
culture when compared to groups prepared with L. bulgaricus and
S. thermophilus only. Overall, the pH of jambolan-enriched frozen
yoghurt is lower when compared to probiotic goat's milk ice cream
(Ranadheera et al., 2013) and probiotic frozen yoghurt (Pinto et al.,
2012) due to the naturally acid pH of jambolan pulp (3.61 ± 0.02) or
powder (3.64 ± 0.01).
3.2. Overrun and meltdown tests
The overrun levels of the four studied frozen yoghurt formula-
tions were low (14.2 %e22.6 %) and comparable to Pinto et al.
(2012). The addition of jambolan powder led to a clear decrease
in the overrun levels (P < 0.05, Table 1). During drying, fruits un-
dergo severe shrinkage (Obon, Castellar, Alacid, & Fernandez-
Lopez, 2009). We hypothesize that it would lead to a poorer
foaming capacity and decreased air incorporation in samples with
dried jambolan.
Melting data was used to construct linear regression equations
for each experimental group: JPu: y ¼ 1.32x  22.49 (R2 ¼ 0.946),
JPo: y ¼ 1.39x  23.84 (R2 ¼ 0.941), PJPu: y ¼ 1.40x  23.54
(R2 ¼ 0.944) and PJPo: y ¼ 1.34x  23.05 (R2 ¼ 0.944), where y
represents the % drained volume and x represents time in min.
Taken together, they can explicit the melting behavior of the
product. Similar melting rates (P > 0.05) and similar melting pro-
ﬁles (Fig. 1) were observed for all experimental groups, which
coincide with previous reports focusing on the melting behavior of
ice cream with and without probiotics (Silva et al., 2015).
3.3. Phenolics, anthocyanins and DPPH radical scavenging activity
The total phenolic content of the jambolan-enriched frozen
yoghurt (Table 2) is comparable to functional milk beverages
Fig. 1. Melting behavior of caprine frozen yoghurt with regular or probiotic yoghurt
cultures and jambolan pulp or powder. (▫) JPu: frozen yoghurt with L. bulgaricus, S.
thermophilus and jambolan pulp; (▵) JPo: frozen yoghurt with L. bulgaricus, S. ther-
mophilus and jambolan powder; (-) PJPu: frozen yoghurt with L. bulgaricus, S. ther-
mophilus, B. animalis subsp. lactis BI-07 and jambolan pulp; (:) PJPo: frozen yoghurt
with L. bulgaricus, S. thermophilus, B. animalis subsp. lactis BI-07 and jambolan powder.
The errors bars represent the standard deviation (N ¼ 9).
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Servili et al. (2011). Karaaslan et al. (2011) also showed close values
of TPC (40e80 mg GAE/Kg) and anthocyanin (3e18 mg/kg) for
yoghurts prepared with grape and callus extracts. The frozen
yoghurt samples presented a remarkable DPPH radical scavenging
capacity when compared to cheese (Abadia-Garcia et al., 2013), but
lower than enriched yoghurts (Chouchouli et al., 2013).
Jambolan is a rich source of natural bioactive compounds with
antioxidant activity (Costa, Garcia-Diaz, Jimenez,& Silva, 2013). The
products with jambolan powder presented lower TPC, anthocya-
nins and DPPH radical scavenging capacity when compared to the
samples prepared with jambolan pulp (P < 0.05, Table 2). This
interesting tendency demonstrates that, although the use of jam-
bolan powdermight bemore convenient, it would produce samples
with lower theoretical bioactive value. It would be wise to use the
word “theoretical”, because studies have pointed out that unde-
tectable phenolics are not necessarily less active. Instead, the
relative bioavailability and bioactivity of modiﬁed phenolic com-
pounds generated during drying has not been fully understood yet
(Bennett et al., 2011). Also, the dilution effect of Arabic gum and the
poor phenolic extractability caused by drying or due to phenolicTable 2
Total phenolic content (TPC), anthocyanins and DPPH radical scavenging activity of
caprine frozen yoghurt with regular or probiotic yoghurt cultures and jambolan pulp
or powder.
TPC, mg GAE/Kg Anthocyanins, mg
eq. cyanidin 3-glycoside/Kg
DPPH, mmol TE/g
JPu 79.5 ± 4.2a 11.8 ± 0.3a 126.6 ± 1.2a
JPo 52.5 ± 1.2b 7.6 ± 0.2b 105.1 ± 0.9b
PJPu 90.3 ± 2.9c 10.9 ± 0.4a 125.2 ± 1.4a
PJPo 65.0 ± 1.3a 8.3 ± 0.3c 115.8 ± 1.1c
Results are presented as means ± standard deviation. a,b,c: Means in the same col-
umn followed by different letters are signiﬁcantly different by HSD Tukey's test
(P < 0.05). JPu: frozen yoghurt with L. bulgaricus, S. thermophilus and jambolan pulp;
JPo: frozen yoghurt with L. bulgaricus, S. thermophilus and jambolan powder; PJPu:
frozen yoghurt with L. bulgaricus, S. thermophilus, B. animalis subsp. lactis BI-07 and
jambolan pulp; PJPo: frozen yoghurt with L. bulgaricus, S. thermophilus, B. animalis
subsp. lactis BI-07 and jambolan powder.binding to cell wall material may play a role in the observed
phenolic decrease (Fujita, Borges, Correia, Franco, & Genovese,
2013; White, Howard, & Prior, 2011). Since the ﬁnal products still
present remarkable anthocyanin concentrations, the ﬁnal decision
about what would be the best strategy for adding these natural
extracts in frozen yoghurt must rely on additional parameters such
as ﬁnal costs and fruit availability.
These results are in agreement with previous reports that
demonstrated the impact of different drying processes on the
bioactive compounds of tropical fruits (Fujita et al., 2013; Nobrega
et al., 2014). For example, Silva, Souza, et al. (2014) have shown that
the spray dried jabuticaba (Myrciaria cauliﬂora) residue would lose
up to 60% of its original anthocyanin content. Likewise jambolan,
jabuticaba is a tropicalMyrtaceae fruit with high colorant potential
and considered to be an anthocyanin-rich natural source.
Also, when comparing the regular frozen yoghurt samples (JPu,
JPo) with their probiotic counterparts (PJPu, PJPo), higher TPC
content for the samples with the addition of B. animalis subsp. lactis
BI-07 (P < 0.05) was observed. Indeed, previous reports showed
that the presence of B. animalis B94 in polyphenol-rich solutions
was able to signiﬁcantly increase their antioxidant capacity, which
suggests the production of bioactive compounds by means of
biotransformation (Lacey, Perez-Santín, Lopez-Caballero, &
Montero, 2014). In the same way, Tabasco et al. (2011) have
shown that some bacteria are able to metabolize phenolic com-
pounds which in turn would lead to an increased phenolic content.3.4. Viable bacterial counts
Initially, the viable counts of traditional yoghurt cultures
(L. bulgaricus and S. thermophilus) were evaluated. By comparing
the groups prepared with jambolan pulp (JPu PJPu) and jambolan
powder (JPo  PJPo) with and without probiotic, it might be
inferred that B. animalis subsp. lactis BI-07 hampers the
S. thermophilus growth and maintenance (P < 0.05, Table 3). Ac-
cording to Beal, Skokanova, Latrille, Martin, and Corrieu (1999), S.
thermophilus are inhibited by an acidic environment. Actually,
among other possible factors, the lower pH of PJPu and PJPo sam-
ples associated to the addition of probiotic strain (Table 1) correlate
with decreased S. thermophilus counts. In addition, the higher TPC
and anthocyanin content of PJPU and PJPo samples (Table 2) might
cause a positive impact on the counts of L. bulgaricus (Santo et al.,
2012). Likewise, Tabasco et al. (2011) showed a remarkable
S. thermophilus sensitivity to phenolic-rich grape extracts, but no
detrimental effect on L. bulgaricus was registered.
Fig. 2 shows the viable B. animalis subsp. lactis BI-07 counts in
caprine frozen yoghurt throughout the 90 day-frozen storage.
Remarkable initial probiotic counts of 9.02 and 8.09 log CFU/g wereTable 3
Counts of L. bulgaricus and S. thermophilus (log CFU/g) after 24 h of the production of
the caprine frozen yoghurt with regular or probiotic yoghurt cultures and jambolan
pulp or powder.
L. bulgaricus S. thermophilus
JPu 6.22 ± 0.87 7.59 ± 0.21a
JPo 6.89 ± 0.52 7.60 ± 0.00a
PJPu 5.06 ± 0.00 4.84 ± 0.41b
PJPo 6.34 ± 0.00 3.27 ± 0.04c
Results are presented as means ± standard deviation. a,b,c: Means in the same col-
umn followed by different letters are signiﬁcantly different by HSD Tukey's test
(P < 0.05). JPu: frozen yoghurt with L. bulgaricus, S. thermophilus and jambolan pulp;
JPo: frozen yoghurt with L. bulgaricus, S. thermophilus and jambolan powder; PJPu:
frozen yoghurt with L. bulgaricus, S. thermophilus, B. animalis subsp. lactis BI-07 and
jambolan pulp; PJPo: frozen yoghurt with L. bulgaricus, S. thermophilus, B. animalis
subsp. lactis BI-07 and jambolan powder.
Fig. 3. Mean scores and standard deviations for the sensory evaluation ( appearance,
aroma, , consistency and ﬂavor) of caprine frozen yoghurt with regular or pro-
biotic yoghurt cultures and jambolan pulp or powder. Errors bars with different letters
(a, b) differ by Tukey's test (P < 0.05, N ¼ 9). JPu: frozen yoghurt with L. bulgaricus, S.
thermophilus and jambolan pulp; JPo: frozen yoghurt with L. bulgaricus, S. thermophilus
and jambolan powder; PJPu: frozen yoghurt with L. bulgaricus, S. thermophilus,
B. animalis subsp. lactis BI-07 and jambolan pulp; PJPo: frozen yoghurt with
L. bulgaricus, S. thermophilus, B. animalis subsp. lactis BI-07 and jambolan powder.
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than the generally accepted minimum level of 6 log CFU/g (Abadia-
Garcia et al., 2013). The viable probiotic counts ﬂuctuated little
along the frozen storage, and even after 90 days of frozen storage,
high probiotic viability was recorded (8.75 and 7.88 log CFU/g for
PJPu and PJPo, respectively). In fact, a survival rate of 97.1% for PJPu
and 97.5% for PJPo was observed after 90 days, which reﬂects the
little impact caused by the cold stress induced by frozen storage.
Our results are close to the survival rates of encapsulated Biﬁdo-
bacterium BB-12 in frozen yoghurt (Pinto et al., 2012) and
B. animalis subsp. lactis Bb-12 in ice cream (Magarinos et al., 2007).
They are also comparable to caprine ice cream with B. animalis
subsp. lactis BLC1 (Silva et al., 2015) and goat milk beverages pre-
pared with B. animalis subsp. lactis BB-12 (Buriti et al., 2014). Pre-
viously, Ranadheera, Evans, Adams, and Baines (2012) showed
decreased B. animalis subsp. lactis BB-12 viability in yoghurt made
from goat's milk.
The low overrun of the samples (14.21e22.57 %) might be
implicated in the observed high probiotic survival, since anaerobic
Biﬁdobacterium is sensitive to incorporated oxygen during the
overrun (Akalin & Erisir, 2008). Moreover, possible cryoprotectors
found in the frozen yoghurt mixture such as casein, sucrose and
lactose might have played a role in maintaining the probiotic cells
viable during the investigated 90-day frozen storage (Magarinos
et al., 2007). Finally, we suggest that the anthocyanin-rich jambo-
lan ingredient would also contribute to maintaining the observed
high probiotic survival rates. The speciﬁc strain used here would be
able to metabolize polyphenols (Table 2), which would overcome
the expected probiotic decrease caused by freezing, leading to
enhanced stress resistance, as demonstrated elsewhere (Tabasco
et al., 2011).3.5. Sensory analyses
Similar scores were obtained for appearance, aroma and con-
sistency of frozen yoghurt samples (P > 0.05, Fig. 3). The average
scores were between “like it slightly” and “like it very much” for
appearance and consistency, showing close tendency to what
Ranadheera et al. (2013) observed for caprine ice cream stored inFig. 2. Viable counts (log CFU/g) of B. animalis subsp. lactis BI-07 in caprine frozen
yoghurt with jambolan pulp or powder. ( ) PJPu: frozen yoghurt with L. bulgaricus, S.
thermophilus, B. animalis subsp. lactis BI-07 and jambolan pulp; ( ) PJPo: frozen
yoghurt with L. bulgaricus, S. thermophilus, B. animalis subsp. lactis BI-07 and jambolan
powder. The errors bars represent the standard deviation (N ¼ 9).different packaging materials. The similarity between the low
aroma scores of samples with (PJPU and PJPO) and without pro-
biotic bacteria (JPU and JPO) indicate that the use of goat milk,
instead of biﬁdobacteria itself, may explain these results. Fig. 3 also
shows that frozen yoghurt samples with probiotic bacteria (PJPu
and PJPo) received signiﬁcantly lower ﬂavor scores (P < 0.05) when
compared to the samples with traditional yoghurt cultures. The
same results were shown by Favaro-Trindade, Bernardi, Barbosa,
Balieiro, and Almeida (2006) when analyzing fermented probiotic
acerola ice cream. At least two important aspects should be high-
lighted. First, consumers are used to the ﬂavor of dairy products
produced with traditional yoghurt bacteria, which would lead to
lower sensory scores to products that do not ﬁt into this category.
Secondly, biﬁdobacteria are heterofermentative organisms, which
are able to produce several types of organic acids (lactic, acetic and
formic acid) and ethanol (Jalili, Razavi, Safari, & Malcata, 2009)
which can induce important ﬂavor modiﬁcations. Considering the
potential beneﬁts provided by the probiotic microorganisms, pro-
cess adjustments can be implemented in order to overcome any
possible ﬂavor or aroma issues. For example, additional ﬂavors,
aromatic ingredients or encapsulated probiotic bacteria would be
possible strategies.4. Conclusion
The main objective of this research was to evaluate the char-
acteristics of caprine frozen yoghurt with anthocyanin-rich jam-
bolan pulp or powder as an efﬁcient carrier to probiotic B. animalis
subsp. lactis BI-07. Our results show the technological, functional
and probiotic value of this dairy product, which was able to
maintain high probiotic survival rates along a 90-day frozen stor-
age. Overall, our results present the use of hypoallergenic goat milk
and tropical jambolan as appropriate ingredients to produce a high
quality dairy product designed for the crescent healthy-oriented
market.
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